Two companion papers used wavelet and dynamical systems analyses in an attempt to show that the new four-muscle tenotomy surgical procedure had little or no effect on either the ''waveform structure'' or the ''underlying mechanism'' of congenital nystagmus (CN) . (Miura, Hertle, FitzGibbon, & Optican, 2003a; Miura, Hertle, FitzGibbon, & Optican, 2003b) We believe these papers (Parts I and II) asked the wrong question and misapplied the two analysis techniques to long stretches of uncontrolled fixation data taken from the NEI Clinical Trial of the Tenotomy procedure. Phase one of that study (ten adults) demonstrated that four muscle tenotomy successfully improved the CN waveforms, (Hertle et al., 2003) increasing potential visual acuity, as measured by the NAFX, and measured visual function. The two papers also contain unsubstantiated speculations about CN data analysis and tenotomy-induced waveform changes resulting in improved potential acuity; they created the false impressions in the minds of readers that our original hypothesis for mode of action of tenotomy was disproved and that the procedure was not successful. Because Dr. R.W. Hertle was an author on the companion papers and on the Phase-1 Tenotomy Clinical Trial paper, he chose not to be a signatory to either this Letter or any rebuttal it may induce. However, he was given the opportunity to read and edit it and agrees with both the need for, and content of, this Letter.
The working hypothesis for the mechanism by which tenotomy improves CN waveforms is that it alters a proprioceptive feedback loop involved in maintaining resting muscle tension and reduces the small-signal gain of the ocular motor plant; that results in a reduced response to the basically unchanged CN signal. (DellÕOs-so, Hertle, Williams, & Jacobs, 1999; DellÕOsso, 2002a) Neither tenotomy nor any other extraocular muscle nystagmus surgery has been hypothesized to affect the causal, brainstem, feedback mechanisms that result in CN. It is unlikely that the simple muscle surgeries commonly used therapeutically in CN could alter the underlying brain stem mechanisms. Therefore, the negative results of the companion papersÕ attempts to test their improbable hypothesis were to be expected and should have provided support for our alternative hypothesis. However, the uninformed choice of data paradigm-8 for analysis and the severe methodological errors in the application of both types of analysis render those results moot.
Each part of our Tenotomy Clinical Trial paradigm was designed to provide accurate fixation data, unconfounded by changes in mental set and fixing eye that have a profound effect on CN waveforms. Thus, repeated intervals of fixation at known gaze angles were kept to a minimum (5 s per fixation). Only these were used to assess the NAFX (an objective, quantitative. measure of the multidimensional factors in CN waveforms) in the actual (not presumed) fixating eye of all of the pre-and post-op data. Such data do not vary appreciably over time, be it minutes, weeks, years, or decades, and allow for highly reliable measures of CN and of changes resulting from therapy. The long 4-10 minute segments (paradigm-8) were included only to detect asymmetric aperiodic alternating nystagmus (APAN) while the patientÕs gaze was approximately straight ahead. Half of the patients studied in the companion papers (#4, 5, 7, and 10) had APAN, resulting in continuous changes in amplitude, frequency, and waveform (i.e., mechanism).
The long intervals of paradigm-8 could not be used for the analysis of fixation because the driving and modulating force of CN, fixation attempt, could not be controlled for that length of time, nor could voluntary saccades, changes in the fixing eye (including the 6 of 8 strabismic patients with a ''preferred'' eye), or blinks. This is demonstrated in the Fig. 1 (from the first two paradigm-8 records chosen at random from the same data set used in the companion papers). The top panel illustrates a short interval of presumed attentive fixation from the pre-tenotomy data of patient 2, who fixated with the left eye. In the middle panel is one (15 s) of 39 intervals of lapses in attention in this record that resulted in the eyes drifting far off target before being returned by a voluntary saccade. The bottom panel shows alternating fixation, 3.5 s of right-eye fixation by patient 6 (who was said to prefer the left eye), changes in waveform, and a voluntary saccade. Although these long-duration records were not analyzed for blinks, normal blink rates range from 10/ min to 30/ min. The repeated occurrence of such random and idiosyncratic events, unrelated to the underlying CN mechanism, affected the waveforms and confounded the paradigm-8 data, making the use of long intervals unreliable for measures of the effects of CN treatment. Random interruptions must be removed from fixation intervals to assess both underlying CN mechanisms and potential visual acuity. They were not removed prior to either the wavelet or dynamical systems analysis. These interruptions are ÔnoiseÕ that confounds the analyses and prevents meaningful conclusions. To paraphrase an old but true computer axiom, ''Noise in, noise out.'' Because different wavelets reflect different time scales, some may reflect changes in the visually important parameter of foveation but that was never demonstrated in the two papers.
As misapplied in the companion papers, neither wavelet nor dynamical systems analyses were able to discern significant CN changes secondary to tenotomy. It is problematic to attempt to assess either underlying CN mechanisms or potential acuity with methods dependant on long-duration recordings, more so when the deviated (vision-suppressed, vergence-drifting, and Ôopen-loopÕ) eye was erroneously analyzed. The conclusion that 4-10 min segments did not provide robust comparisons of the effects of surgery was predictable but the conclusion that there were none was wrong; the suggested use of even longer data segments would only worsen matters. For CN analysis, specific instruction to fixate the target for 4-5 s is critical.
The multiple CN waveforms indicate that it is not a single type of oscillation but rather a time-, space-, and fixating-eye-variable combination of several oscillations caused by different mechanisms. Added to that are the interposition of braking and foveating saccades by the unaffected saccadic system and the extension of foveation periods by the unaffected fixation system. This results in unexpected intrabeat and multi-beat variations in the resulting waveforms, as well as changes in waveform type over time and with change in gaze angle; these are unrelated to the underlying mechanism of CN. Neither paper adequately described or controlled for transient changes in attention over long recording sessions. Therefore, the papersÕ claim that tenotomy did not change the CN waveforms significantly is incorrect, especially when no correlation to foveation was made. Both wavelet and dynamical systems analysis may be applied to small CN data intervals taken under conditions ensuring controlled fixation attempt or, if the effects of fixation attempt are delineated in long records. However, it is neither clear what the dimensionality figures found for the long data intervals actually mean nor what they infer. Therefore, the Part II conclusion that dimensionality may not predict improvement in a patientÕs condition as a result of the tenotomy, is also unjustified. Only if one presumes that dimensionality represents basic mechanisms, might small post-operative changes suggest that basic mechanisms were not affected, but tenotomy was neither designed nor predicted to affect the sources of CN.
A useful CN model that adequately simulates the biological control systems involved must be robust and able to: (1) simulate at least several of the more complex CN waveforms; (2) anchor each waveform to the point of intended foveation, thereby simulating actual patient data; (3) simulate the known behavioral ocular motor responses of CN patients to controlled target inputs; and (4) demonstrate emergent behavior mimicking characteristic behaviors of CN patients. Unfortunately, the only model cited in the companion papers was a seriously flawed and subsequently disproved portion of a realistic model; it had no pursuit system and failed to simulate CN waveforms accurately. (DellÕOsso, Weissman, Leigh, Abel, & Sheth, 1993; Harris, 1995; DellÕOs-so, 2002b) The most complex CN waveforms are hypothesized to result from a loss of damping in the normally under damped smooth pursuit system; a robust, behavioral ocular motor system model provided support for that hypothesis. (DellÕOsso & Jacobs, 2000; DellÕOs-so & Jacobs, 2001; Jacobs, 2001; DellÕOsso, 2002b; The failure to consider more adequate and robust models or contradictory data to their cited model is inconsistent with the concept of a model as a hypothesis to be modified as the data dictate.
Two gratuitous references to the Wong and Tychsen report on the effects of tenotomy on ÔnystagmusÕ in two monkeys and the failure to reveal that the nystagmus in question was not CN, compounded this error in diagnosis and perpetuated the false impression that tenotomy did not work. An unrebutted letter to the Editor (not cited) demonstrated that those monkeys actually had latent/manifest latent nystagmus. (DellÕOsso & Hertle, 2002) Dr. L. Tychsen agreed with our observation (personal communication to Dr. Hertle).
Wavelet analysis was incorrectly applied (averaging wavelet coefficients over the entire 8-10 min sample period) to long, non-stationary data; that implicitly assumed the data were stationary and rendered such analysis incapable of detecting any effects of tenotomy on the underlying mechanisms (not ''mechanism'') of CN. Because different mechanisms produce different waveforms in CN, we do not expect ''common effects of this surgery on CN waveforms on all the patients who had the same surgery.'' We are also unconvinced that dynamical systems analysis ''can quantify directly one property (dimensionality) of the underlying'' mechanisms; searches for ''the (single) CN waveform generator'' will prove fruitless.
In summary, an unlikely changed-mechanism hypothesis (a Ôstraw manÕ) was floated with an attempt to disprove it using flawed applications of two powerful, and potentially useful (to CN), analysis techniques. That, and selective citation, have muddied the waters considerably; the papers in question failed to provide either proof or useful insight into whether or not tenotomy affected the underlying mechanisms responsible for CN. Tenotomy produces significant, NAFX-measurable CN waveform changes that improve potential acuity (what it was designed to do); tenotomy probably does not affect the causal mechanisms responsible for the various CN waveforms (something it was neither designed nor claimed to do).
